INTRODUCTION

This paper aims at presenting a zone simulation technique for reliability evaluation of power distribution systems. Reliability evaluation is considered an essential issue in the design and the operation of the distribution systems since researches have shown the contribution of the distribution systems to overall customer unavailability is quite significant. In this work, a zone-network model is introduced based on feeder partition method. Propositions are given to determine the failure effect. Then the simulation procedure is presented via the zone-network model. To improve the solution efficiency, simplified simulation method is also proposed. A computational software was developed to calculate average values and probability distributions of the individual load-pointreliability indices and the system indices, which provides a fast approach to the reliability evaluation of complex distribution systems with sub-feeders considering various practices, such as alternative supply, unreliability of automatic isolation devices and switches failures.
ZONE-NETWORK MODEL
In distribution systems, automatic isolation devices (breakers, fuses, etc.) and manual isolation devices (manual switches) are commonly used to isolate a fault and to reconfigure the network. These devices have an important impact on the reliability indices of load-points and systems. According to [1] , a feeder can be divided into zones and subzones. Zones are created by the segments between automatic isolation devices. And zones can be broken into subzones, the boundaries of which within a zone will be manual switches.
In this paper a new model defined as "zone-network model" is introduced based on the feeder partition method.
A minimal isolated zone (MIZ) is a zone with automatic protection devices or manual isolation devices only on its boundaries. Consider the example system shown in Fig.1(a) , both Z2 and Z3 are MIZs, while Z1 is not a MIZ but it can be divided into four MIZs: Sub1.1, 1.2,1.3 and 1.4.
A distribution system is defined as a zone-network model N = <R, S>, where r k represents a zone node and s k = <r i , r j > represents a switch arc. Every node r k ∈ R is a MIZ node and every arc s k ∈S is the switch device between two MIZ nodes r i and r j . Fig.1(b) shows the zone-network model of the example system in Fig.1(a) 
ZONE-BASED FAILURE ANALYSIS
The outage of element e (element e can be a zone node or a switch arc) may cause interruption to some load nodes. The interruption type of load node t, denoted by F(t), is one of the following cases. 1) F(t) = 0. The outage of e will not cause interruption to node t. 2) F(t) = 1. Node t is interrupted and the restoration time is the outage time for e. 3) F(t) = 2. Node t is interrupted and the restoration time is the isolation time and the switching time for t to an alternative supply. 4) F(t) = 3. Node t is interrupted and the restoration time is the isolation time for element e. 5) F(t) = -1, -2 or -3. When the automatic device operates successfully, the outage of e will not cause interruption to node t. While the device is failed during the fault, |F(t)| = 1,2 or 3, respectively. And "-" denotes the unreliability of the automatic device is considered.
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Methods are presented below to determine the failure effect on MIZs according to the failure in element e.
1)
If e is a switch arc and e = <e 1 , e 2 >, then F(e 1 ) = F(e 2 )=1, Sno = e 1 . Otherwise e is a zone node, F(e) = 1 and Sno = e. 2) Searching the primary source using Sno as a start node and determine the interruption type of each zone node encountered using Proposition 1 and Proposition 2.
Proposition 1.
If s = <r i , r j > is a manual switch between r i and r j and F(r j ) is known, then F(r i ) can be obtained as
Proposition 2. If s = <r i , r j > is a automatic device between r i and r j and F(r j ) is known, then F(r i ) can be obtained as
3) Start from the primary source and determine the interruption type for the rest zone nodes using Proposition 3. 
Consider the system shown in Fig. 1 . Suppose that the fuse F = <1.2, 2> is failed to melt during a fault of Z2. It is easy to get from (1) - (2) that F(1.2) = -1 and F(1.1) = -3. And from (3), F(1.3) = -2 is obtained.
ZONE SIMULATION PROCEDURE
Various approaches can be followed when performing Monte Carlo simulation on electric power systems, such as state duration sampling simulation [2] [3] [4] [5] and time sequential simulation [6] [7] . Since these approaches are on the component-by-component basis, they may be very time consuming and data intensive. Taking the advantage of the zone-network model, the approach utilized in this paper is the zone simulation approach. The standard zone simulation process is presented below. And the simplified zone simulation process is also proposed to improve the solution efficiency.
Standard Zone Simulation
The standard zone simulation process consists of the following steps:
Step 1: Obtaining the failing times, times to repair and times to switching of each zone node in a year.
1)
Since a component with a constant failure rate follows a Poisson process [7] [8] , the component's failing times n i in a year is determined by (4). 
2) Generate 2×n i random numbers for component i and convert them into n i times to repair and n i times to switching using the appropriate probability distributions. 3) Count the failing times, times to repair and times to switching of all the components within the same zone node.
Step 2: When switches failures are to be considered, determining the failing times in a year for each switch arc using (4). And get times to repair and times to switching for each failure using the appropriate probability distributions.
Step 3: According to the interruption type obtained from Proposition 1-3, count the interruption times and durations for each load zone node. Therefore load-point indices and system indices are calculated.
Step 4: Repeat Step 1-3 for each simulation year. Then average values and probability distributions of the indices can be obtained.
Simplified Zone Simulation
For a zone node, the average failure rate λ and average repair time r are given by (6) where λ i is the average failure rate, γ i is the average repair time for component i. N is the total number of the components belonging to the zone node. An analytical module and two zone simulation modules are integrated in the software. These modules can work independently to evaluate a network. Users may choose one of them according to the results that they want. For example, if they want to obtain the average values, using the analytical module is more efficient. When complex operating conditions are involved or indices probability distributions are needed, zone simulation modules are often preferable.
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CASE STUDY
In order to illustrate the more meaningful results that can be obtained from the application of the developed algorithms and the associated computer program, an overhead rural distribution system, as shown in Fig.2 , has been analysed. This practical 10 kV distribution system is supplied by two 110/10kV major substations. Five hundred and six MV/LV distribution transformers are supplied. And the length of the line segments is up to 225km. The system topology consists of 28 circuit breakers, 3 manual switches, 1016 line segments, 41 sets of fuses for laterals and 506 sets of fuses for the 506 MV/LV transformers.
The basic reliability parameters required in the analytical method are listed in TABLE 1. Usually these basic parameters may use the average values over recent 5 years in the practical system since they may vary substantially from year to year [9] . While for some electric power companies with limited data about the system, the parameters are determined according to the data of similar systems recorded in the DNRAS database.
When simulation methods are employed, the times to failure are assumed to be exponentially distributed and components are with the constant failure rates. While for times to repair and times to switching, various probability distributions can be considered, such as log-normal distribution, normal distribution, exponential distribution and gamma distribution. Log-normal distribution is always recommended. Since the results of analytical method and simulation methods are compared below, times to repair and times to switching are also assumed to be exponentially distributed.
In The standard zone simulation method produces the same results as the traditional simulation approach, if both approaches use the same randomly generated failure times for each component in each sample year. The simplified zone simulation method is an approximate approach and may cause error in the probability distribution of load point outage times. However, if the components within the same zone node are of the similar repair times, this error will be very small, as shown in Fig.3 . 
CONCLUSION
The paper presents a new model for distribution system reliability evaluation. Standard simulation technique via this zone-network model is proposed. And to improve the efficiency, simplified zone simulation method is also given. Results show that the zone simulation techniques are practical and applicable. Primary advantages of these methods include:
1) The simulation speed is much improved.
2) Comparable results to the usual approaches are provided. 3) Complex radial systems can be easily modeled.
4)
There is no restriction on the failure, repair, or other time distributions in the system.
The computational software named DNRAS has been developed and is currently being used for distribution network reliability analysis. More functions are being integrated into this software such as cost worth analysis and critical area evaluation. 
